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assembly is bonded (welded) to the device housing so that the inside of the device can be hermetically sealed. Releasable lead 
gripping means (70) are included as part of the barrel assembly to detachably lock and seal the electrical lead in its inserted posi- 
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FEEDTHR0U6H CONNECTOR 
FOR IMPLANTABLE MEDICAL DEVICE 

The present invention relates to an 
electrical connector used with an implantable medical 
device, such as a pacemaker, for connecting an 
implantable electrical lead to the electrical 
circuits within a hermetically sealed housing of the 
medical device. More particularly, the present 
invention relates to a feedthrough/ connector for use 
with a sealed implantable pacemeJcer that combines the 
connector function with the feedthrough function and 
that eliminates the need for the cast or other 
preformed epoxy connector that has heretofore been 
used on implantable pacemakers. 

Background of the Invention 

Modern pacemakers monitor the activity of a 
heart and provide a stimulation pulse in the absence 
of normal heart activity. Advantageously, such 
devices are relatively small, light-weight and 
implantable. In order to sense and stimulate the 
heart, however, such pacemakers must be used with a 
pacemaker lead — an electrical conductor that carries 
electrical signals between the heart and the 
pacemaker. Advantageously, the pacemeJcer lead can be 
inserted into the heart transvenously through a 
relatively simple and well-known surgical procedure. 
Disadvantageously, one end of the lead (designated 
herein as the "connecting end") must be electrically 
and mechanically secured to the pacemaker in a way 
that provides for a long-term safe and secure, yet 
detachable, connection. Those skilled in the 
pacemaker art have long sought for a simple, yet 
reliable and safe, means for making this detachable 
electrical and mechanical connection between the 



pacemaker device and the connecting end of the 
pacemaker lead. 

In order to appreciate the advantages of 
the present invention, it will help first to have a 
basic understanding of the memner in which the 
mechanical and electrical connection functions are 
carried out in prior art pacemakers. The main 
components associated with the connection function of 
known prior art pacemakers are shown in Figs. 1 and 
2. A pacemeOcer 10 electrically includes a battery 14 
that powers electrical circuits 12. The pacemaker 
electrical circuits 12 and battery 14 are 
mechanically housed and hermetically sealed in a 
suitable housing 16. Typically, this housing or case 
16 is shaped to include a flat side or platform 20 to 
which a suitable epoxy connector 22 can be bonded. 
At least one feedthrough terminal 18, in electrical 
contact with the electrical circuits 12, passes 
through the case or housing 16 and protrudes out from 
the platform 20. This feedthrough terminal 18 is 
electrically isolated from the case 16. A platinum 
wire 24, or other suitable conductive element, 
connects the terminal 18 to a conductive connector 
block 26 that is fitted within the connector 22. A 
pacemaker lead 28, having a proximal electrode 30, 
connects to the pacemaker electrical circuits by 
inserting the proximal electrode 30 into a receiving 
channel 31 of the connector 22 until the electrode 30 
is in contact with the connector block 24. A set 
screw 32 is then securely tightened using a torque 
wrench 34 to firmly hold the electrode 30 in both 
mechanical and electrical connection with the 
connector block 26. A septum (not shown) is 
typically placed over the set screw 32 in order to 
prevent body fluids from seeping through the set 
screw hole. Further, sealing ribs or ridges 36 on 



the connecting end of the pacemaker lead are designed 
to tightly engage the inside edges of the receiving 
channel 31 in order to prevent any body fluids from 
entering into the receiving channel 31 once the 
connecting end of the lead has been pushed into the 
connector 22. 

Representative descriptions of many of the 
features and functions of prior art pacemaker 
connection systems may be found in U.S. patents: 
3,683,932; 3,760,332; 4,142,532; 4,154,248; 
4,182,345; and 4,316,471, While that which is 
described in these prior patents varies greatly 
relative to, for example, different types of locking 
mechanisms for performing the mechemical connection 
function, or different types of arrangements for 
performing the electrical feedthrough function, 
including the use of bipoleur or multiple connector 
leads, all such systems Include the use of a 
premolded or cast connector 22 that is bonded to a 
sealed pacemaker housing 16 in which the electrical 
circuits are located. 

Typically, prior art connectors 22 are cast 
in place from epoxy to the platform or header 20 of 
the pacemaker, or a premolded connector is bonded to 
the platform 20 using a suitable sealing and bonding 
agent. Further, once the electrical connection is 
made from the terminal post 18 to the connector block 
26, and the connector is attached to the housing, all 
remaining voids within the connector 22, not 
including the receiving channel 31 into which the 
proximal end of the lead is to be inserted, must be 
filled with a suitable filler material, such as a 
two-component epoxy or silicone rubber. 

As is evident from the above description, 
placing a connector on a pacemaker housing is a very 
labor-intensive process involving many components. 



What is needed is a simpler manner of lead attachment 
that provides the requisite mechanical and electrical 
connection functions using fewer components and less 
labor yet providing higher reliability. The present 
invention addresses these and other needs. 

pinwiwaty y pf the Invention 
The present invention provides a 
feedthrough connector for a pacemaker, or other 
implantable medical device, that advantageously 
combines the connector function with the feedthrough 
function and eliminates the need for the cast epoxy 
connector previously used on prior art pacemakers. 
Eliminating the external cast epoxy connector 
advantageously eliminates the need for septums, 
setscrews, and the feedthrough terminal and its 
associated platinum wires and connector blocks, as 
well as the whole time consuming casting process with 
its inherent propensity for cosmetic problems. 

The feedthrough/connector of the present 
invention includes a barrel assembly haying an open 
end and a closed end. The open end of the assembly 
provides an opening into which the connecting end of 
a pacemaker lead, or other electrical lead, can be 
inserted. The barrel assembly Includes metal 
(conductive) portions separated by ceramic 
(nonconductive) insulating portions. An overlap 
region of the conductive portions, sepsurated by the 
nonconductive portion, advantageously provides 
structural strength as well as a capacitor structure. 
This capacitor helps filter out unwanted 
electromagnetic interference (EMI) signals from 
passing through the connector. Spring contacts are 
mounted on the inside of the metal portions and are 
adapted to make electrical contact with the 
appropriate electrodes of the pacemaker or other 



electrical lead when the connecting end of the lead 
is inserted into the connector. 

During assembly of the pacemaker or other 
device, the barrel assembly is fitted into an opening 
in the device housing with the open end being flush 
with the surface of the housing and the closed end 
protruding into the housing. The outer side of the 
metal portions are electrically connected to the 
appropriate electrical circuit within the housing, 
and the open end of the barrel assembly is welded or 
otherwise bonded to the device housing so that the 
inside of the device can be hermetically sealed. 
Releasable lead gripping means are included as part 
of the barrel assembly to detachably lock and seal 
the connecting end of the electrical lead in its 
inserted position inside of the connector. 

It is a feature of the present invention to 
provide a feedthrough/ connector system that 
eliminates the need for the cast epoxy type of 
connectors used in prior art pacemakers, and the 
multiplicity of problems and costs associated with 
the use of such cast connectors. 

It is a further feature of the invention to 
provide a pacemaker or other implantable medical 
device that can be made from fewer components and 
that provides the requisite mechanical and electrical 
feedthrough functions at lower cost and higher 
reliability than prior art connection systems. 

Still a further feature of the present 
invention is to provide a pacemaker that can be 
smaller than pacemakers of the prior art that perform 
an equivalent function. 

Yet a f\irther feature of the present 
invention is to provide a connection system for use 
with an implantable medical device, such as a 
pacemsJcer, that firmly yet detachably locks and seals 



the connecting end of an electrical lead thereto but 
that does not require the use of setscrews, septums, 
or equivalent mechanical securing and sealing 
devices. 

A still further feature of the present 
invention is to provide a connection system for use 
with implantable medical devices that is compatible 
with existing electrical leads, whereby a medical 
device having the connection system of the present 
invention may replace a prior art system and still 
utilize an existing implantable or implanted lead 
that was used with the prior art system. 

Brief Description of the Drawings 
The above and other features and advantages 
of the present invention will be more apparent from 
the following more particular description thereof, 
presented in conjunction with the following drawings, 
wherein: 

Fig. 1 is an exploded view of a prior art 
pacemaker, showing the sealed pacemaker housing 16 
and its cast epoxy connector top 22; 

Fig. 2 is a a peurtial cutaway side view of 
a prior art pacemaker, showing the assembled 
relationship between the main components thereof; 

Figs. 3A and 3B conceptually compeure the 
layout and hermetically sealed area of a prior art 
pacemaker (Fig. 3 A) and the pacemaker of the present 
invention (Fig. 3B) ; 

Fig. 4 is a partial cutaway and exploded 
side view of a pacemaker having the 
feedthrough/ connector of the present invention, 
showing the relationship between the main components 
thereof; 
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Fig. 5 is a view as in Fig. 4 of an 
alternative arrangement of the main components of the 
invention; 

Figs. 6A and 6B are partial side views of 
5 the barrel assembly of the present invention showing 
the connector in its closed or locked position (Fig. 
6A) f and its open position (Fig. 6B) ; 

Figs. 7A-7D are side sectional views (Figs. 
7A, 7C, 7D) and an end view (Fig. 7B) of an 
10 alternative embodiment of the barrel assembly of the 
present invention wherein a collet is used as the 
locking means; 

Fig. 8A is a side cutaway view of still an 
additional alternative embodiment of a portion of the 
15 barrel assembly of the present invention wherein a 

twist- locking bayonet-type mechanism is used to lock 
the lead into its inserted position within the 
receiving channel of the barrel assembly; 

Fig. 8B is a partial sectional view taken 
20 along the line 8B-8B of Fig. 8A; 

Fig. 9A is an enlarged side view of the 
electrical contact means used within the barrel 
assembly for the purpose of making multiple 
electrical contacts between a conductive cylindrical 
25 portion of the barrel assembly and an electrode of 
the pacemaker lead; 

Fig. 9B is a sectional view taken along the 
line 9B-9B of Fig. 9A; 

Figure 10 is a partial cutaway perspective 
30 front view of an alternate embodiment of the locking 
means of the present invention; 

Figure 11 is bottom view of the cam of the 
locking means of Figure 10; 

Figure 12A is a front view of the cam 
35 follower of the locking means of Figure 10; and 
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Figure 12B is a side elevation view of the 
cam follower of Figure 12A. 

Detailed Description of the Invention 
S The following description presents the best 

contemplated mode for practicing the invention. This 
description is not to be taken in a limiting sense 
but is made merely for the purpose of describing the 
general principles of the invention. The scope of 

10 the invention should be ascertained with reference to 
the appended claims. 

The present invention is best understood 
with reference to the drawings, wherein like niunerals 
are used to represent like peurts or elements 

15 throughout. Where elements in one figure are similar 
to elements of another figure, but not the same as, 
such elements may be referred to using a modified 
reference numeral, e.g., 72' or 72" instead of 72, 
Figs. 1 and 2 have been described 

20 previously in connection with the description of the 
prior art in the Background portion of this 
application. Fig. 3A likewise depicts a prior art 
pacemcdcer device. Fig. 3A shows the relative size of 
the device and area therewithln that is hermetically 

25 sealed. The sealed area is the shaded area 38. As 

has been indicated, the electrical circuits 12 of the 
pacer are housed in the sealed eurea 38. In order to 
make electrical contact with these circuits 12, at 
least one feedthrough terminal 18 must pass through 

30 the case 16. Some type of insulating material 19 
must be used with the feedthrough terminal 18 in 
order to electrically insulate this terminal from the 
case 16- (A portion of the case 16 typically 
functions as a return electrode for unipolar pacing.) 

35 A more complete description of one particulcu: type of 
feedthrough terminal 18 can be found in one of 



applicants' copending applications. Serial No. 
07/161,700, filed 01/29/88. Further, more detail 
concerning one type of prior art connector 22 can be 
found in another of applicants' copending patent 
applications. Serial No. 07/013,747, filed 02/12/87. 

Fig. 3 A should be compared to Fig. 3B, 
where there is shown a simplified side sectional view 
of a pacemaker 40 incorporating the present 
invention. In Fig. 3B, that portion of the pacemaker 
that is hermetically sealed is the shaded area 42. 
This area is enclosed by the case 44 of the 
pacemaker. As with the prior art device, this sealed 
area 42 includes the electrical circuits 12 of the 
pacer. Unlike the prior art device, a receiving 
channel 46 protrudes inwardly into the pacer. This 
channel may conceptually be thought of as an Indented 
channel for it includes an open end 48 flush with the 
surface of the pacer housing 44 and a closed end 50 
within the pacer housing 44, thereby forming, as it 
were, a long narrow indent within the pacer housing 
44. (As will be described more fully below, the 
receiving channel 46 is not formed by indenting the 
pacer housing 44. Nonetheless, for purposes of 
illustrating those areas of the pacer that are sealed 
from those areas that are not, it may be helpful to 
conceptualize the receiving channel as an indented 
channel.) The inside walls 45 of the receiving 
channel 46 are not included within the sealed areas 
of the pacemaker 40 for they are open to the outside 
environment of the pacer through the open end 48. In 
contrast, the reverse side of the inside walls 45 of 
the receiving channel 46 (referred to hereafter as 
the "backside" or "outside" walls of the receiving 
channel 46) are exposed to the sealed inner portions 
of the pacemaker. 



still referring to Fig. 3B, a portion 52 of 
the walls of the receiving channel 46 are made from a 
conductive material, such as a short 316L stainless 
tubular section. This conductive portion is 
insulated from the pacer walls 44 by insulating 
(nonconductive) portions 54 of the walls of the 
receiving channel 46 which are adjacent the 
conductive portion. Typically, as is explained more 
fully below, these nonconductive portions 54 may be 
made from short cereuaic tubular sections that are 
hermetically bonded to the conductive portion 52 and 
the walls of the channel 45. However, any suitable 
nonconductive material, such as an epoxy or polymer 
substance, could be used to perform this insulating 
function providing that a suitable hermetic bond is 
made thereto. 

The backside or outside of the conductive 
portion 52 is electrically connected to the pacemaker 
circuits 12 by means of a suitable electrical 
conductor 56. Advantageously, because the conductor 
56 is only included within the sealed portion 42 of 
the pacer, it can be made from any suitable 
electrically conductive material, not just those 
types of conductors (such as titanium) that are 
compatible with expostire to body fluids. However, 
the conductor 56 should be made from a material that 
is compatible with the type of material used for the 
conductive portion 52 of the receiving channel 46 in 
order to prevent any galvanic or other adverse 
reactions between dissimilar metals in electrical 
contact with each other. 

Referring now to Figs. 4, 6A and 6B, a more 
detailed cutaway side and sectional views of a 
pacemaker 60 embodying the present invention is 
shown. Included in Fig. 4 is a side view of the 
connecting end 62 of a pacing lead 64 adapted to be 
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inserted into the connector of the present invention, 
as well as a sectional side view of a lead lock 
button 70 and sealing/gripping element 103. (For 
clarity, the lead lock button is shown in Fig. 4 in 
an exploded position from its normal position within 
the open end of the receiving channel 72 of the 
connector.) The lead lock button 70 and 
sealing/gripping element 103 lock and seal the 
connecting end 62 of the lead 64 into a receiving 
channel 72 of the feedthrough connector. It is noted 
that the lead 64 shown in Fig. 4 is a bipolar lead, 
having ai connecting end tip electrode 66 and a 
connecting ring electrode 68, both of which 
electrodes must make electrical contact with the 
electrical circuits 12 of the pacemaker 60, It is 
further noted that in recent years there has been an 
effort underway in the pacemaker industry to 
voluntarily standardize pacemaker connectors, at 
least insofar as the size, spacing, and shape of the 
connecting end of the pacing lead is concerned, 
thereby allowing an implanted lead in a patient to be 
used with any manufacturer's pacemaker. That which 
is shown as the proximal end 62 in Fig. 4 is intended 
to depict that which is known as a voluntary standard 
VS-IA lead. The VS-IA lead is a bipolar lead having 
specific dimensions. The specifications associated 
with the VS-IA connecting end may be found in public 
domain documents, such as lEC SC62D/W66 and 
ISOTC150/SC2/WG2 (July 1987) ; and Voluntary Standard 
VS-1 (June 1986) , which documents are incorporated 
herein by reference. Other stsuidardized connecting 
ends include the VS-1 lead and VS-IB lead. One of 
the advantageous features of the feedthrough 
connector described herein is that it is compatible 
for use with all of these industry standard pacing 
lead connectors. Another desired feature of the 



invention allows the connecting end 62 of the lead to 
be slidably inserted into the connector without 
having to rotate either the lead or the case relative 
to each other, which rotation (typically Involving a 
plurality of turns, e.g., a rotation of more than 360 
degrees) was rec[uired in some very early prior art 
pacemedcers. See, e.g., U.S. Patent No. 3,871,382. 

Figs. 4 and 6A illustrate the manner in 
which the feedthrough connector of the present 
Invention is fabricated. A barrel assembly 74 is 
constructed which, when assembled, defines the 
receiving channel 72. The barrel assembly is shown 
in its inserted position within a pacemaker housing 
in Pig. 4. The barrel assembly is shown by itself in 
an enlarged view in Fig. 6 A in order to better 
illustrate some of the details associated therewith. 
The barrel assembly 74 includes tubular sections of 
conductive and nonconductive materials that are 
hermetically joined together. A blind hole end piece 
76 closes one end of the assembly, and the opposite 
end 78 is welded to the device housing 61. A first 
conductive section 80 of the barrel assembly 74 
includes a spring contact 90 within a groove 92. As 
shown best in Fig. 6A, this first conductive section 
80 comprises the blind hole end piece 76 welded to an 
adjoining conductive section 77. A counter bore is 
machined into one end of the section 77. During 
assembly, the spring contact 90 is placed into the 
bore 79 prior to welding the end piece 76 to the 
section 77. Once this weld is completed, the groove 
92 is formed (by the bore and the end of the end 
piece 76) , which groove maintains the spring contact 
90 in its desired position. Both the end piece 76 
and the section 77 are preferably made from 316L 
stainless steel. 
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A second conductive section 84 of the 
barrel assembly 74 is bonded to the spring contact 
end of the first conductive section 80 by means of a 
first nonconductive section 82. In the preferred 
5 embodiment, the nonconductive section 82 comprises a 
rigid portion 81 and a seal portion 83. Preferably 
the rigid portion 81 is made from a hard relatively 
nonmelting ceramic bead or ring, and the seal portion 
83 is made from Kryoflex, a form of meltatble ceramic 

10 available from Kyle Technology, of Roseburg, Oregon. 
The seal portion 83, upon being subjected to 
sufficient heat for a prescribed period of time, 
melts and fuses with the adjacent conductive sections 
77 and 84 as well as the rigid ceramic section 81 in 

15 order to form a suitable hermetic bond and seal. 

A second spring contact 96 is placed within 
a groove 98 located around the inside of one end of 
the second conductive section 84. A silicone seal 87 
may optionally be placed within a suitable bore at 

20 the other end of the second conductive section 84, 

(Besides the seal 87, the first nonconductive section 
82 and a portion of the conductive piece 77 are also 
fitted within this same bore.) The silicone seal 87, 
which includes a plurality of sealing ribs 89, 

25 tightly encircles the connecting end 62 of the lead 
64 when the lead is inserted into the receiving 
channel 72, thereby preventing body fluids from 
coming in contact with the first conductive section 
80. As will be explained more fully hereinafter, the 

30 seal 87 provides only a passive and secondary seal 
for the connector. An active and primary seal is 
provided by the lead lock button 70 and its 
associated sealing/gripping element 103. For this 
reason, there may be some applications where the seal 

35 87 may not be needed. 



A third conductive section 88 of the barrel 
assembly 74 is similarly bonded to the spring contact 
end of the second conductive section 84 by means of a 
second nonconductive section 86. This second 
nonconductive section 86 is similar to the first 
nonconductive section 82 in that it comprises a rigid 
portion 91 and a seal portion 93, with the seal 
portion 93 melting and fusing with the adjacent 
conductive sections 84 and 88 and the rigid ceramic 
93 upon being subjected to adequate heat for a 
prescribed time period. 

As also seen in Fig. 6A, a positioning 
groove 75 is placed around the backside of the first 
conductive section 80 of the barrel assembly 74. 
This positioning groove 75 is used during manufacture 
of the pacer in order to correctly position and 
support the assembly within the pacemaker or other 
device. Further, during assembly of the barrel 74, 
ceramic spacer rings 95 and 97 may be optionally used 
around the backside of conductive sections 80 and 84, 
respectively, in order to assure that these 
conductive sections are inserted into the adjacent 
conductive sections the appropriate depth prior to 
firing the ceramic bond and seal. 

In the preferred embodiment, as shown best 
in Fig. 6A, the conductive section 80 overlaps the 
conductive section 84 with the nonconductive section 
82 being inserted therebetween. Advantageously, this 
overlap allows the mechanical strength of the 
conductive sections to overlap and protect the 
relatively weaOcer nonconductive sections, thus 
assuring that there are not weaik sections of the 
barrel assembly that could easily break. A similar 
overlap occurs between the conductive section 84 and 
the conductive section 88, with the nonconductive 
section 86 being inserted therebetween. 
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Fiirther, this overlap advantageously 
provides the structure of a capacitor. That is^ a 
first conductive plate (e.g., one end of the 
conductive section 88) is uniformly spaced apart from 
5 a second conductive plate (e.g., one end of the 

conductive section 84) by a dielectric nonconductive 
material (e.g., the nonconductive section 86). These 
built-in capacitors (there are two such capacitors) 
advantageously provide an electrical filter for 

10 filtering out xmwanted signals, such as EMI, from the 
signals present on the first and second conductive 
portions, 80 and 84, of the barrel assembly. 
Further, these built-in capacitors may be 
supplemented, as required, with esctemal capacitors, 

15 such as capacitors Cl and C2 (Fig. 4) , placed within 
the sealed portion of the pacemaker housing. 

The conductive sections 80 and 84 are 
preferably made from 316L stainless steel. 
Conductive section 88 is made from titanium to 

20 facilitate welding it to the housing 61. As has been 
indicated, nonconductive sections 82 and 86 are 
preferably made from a ceramic material, including a 
rigid portion and a seal or meltable portion. Other 
suitable conductive and nonconductive materials 

25 could, of course, be used. 

As already mentioned, included within the 
first conductive section 80 is a spring contact 90 
that is fitted within a groove 92 formed within an 
inside wall of the section 80. This spring contact 

30 is preferably a canted coil spring, commonly referred 
to as a garter spring. It makes multiple electrical 
contacts with the conductive sections 76 and 77 
around the periphery of the groove 92. Further, when 
the connecting end 62 of the lead 64 is inserted into 

35 the receiving channel 72, this spring 90 makes 

multiple electrical contacts with the connecting tip 
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electrode 66 • A suitable electrical conductor 94, in 
electrical contact with the back side of the 
conductive section 80 is also in electrical contact 
with the electrical circuits 12 (Fig, 4), Thus, by 
means of the garter spring 90, which is in electrical 
contact with the inside of the conductive section 80, 
and the conductor 94, which is in electrical contact 
with both the back side of the conductive section 80 
and the electrical circuits 12, the connecting tip 
electrode 66 is placed in electrical contact with the 
electrical circuits 12 which are hermetically sealed 
in the pacemaker housing. 

In a similar fashion, the second spring 
contact 96 is placed within a groove 98 around the 
inside of the second conductive section 84. The 
backside of this second conductive section 84 is 
electrically connected to the pacemeiker circuits 12 
by means of a second conductor 100. This second 
spring contact 96, which is also a canted coil 
spring, or garter spring^ maUces multiple electrical 
contact with the connecting ring electrode 68 of the 
pacing lead 64 when such lead is inserted into the 
receiving channel 72 of the connector. 

The garter or ccmted coil springs 90 and 96 
comprise helically wound spring elements configured 
in a circle, thus foraing doughnut-shaped elements. 
As indicated above, these springs advantageously 
provide multiple electrical contacts around the 
entire periphery of the elements with which they come 
in contact, as shown best in Figs. 9A and 9B. Such 
garter springs are commercially available from, for 
example, Bal-Seal Corporation, of Santa Ana, 
California. 

Still referring to Figs. 4, 6A, and 6B, a 
lead lock button 70 will now be described. This 
button provides a mechanism for locking the 



connecting end 62 of the lead 64 into its desired 
position within the receiving channel 72 of the 
feedthrough connector* As is evident from the 
figures, the lead lock button 70 is a relative short 
annular element having an opening 71 through the 
center thereof. This opening has a diameter 
sufficiently large to allow the connecting end 62 of 
the pacemaJcer lead 64 to be snugly passed 
therethrough. The button 70 further has a 
circumferential lip 102 at one end thereof (used to 
facilitate gripping the button as it is slid between 
its open and locked positions in the receiving 
chsmnel 72) and a plurality of small detent bumps 104 
near the other end, used to hold the button in either 
of its two positions. A short section of tubular or 
annular resilient material 103, such as silicon 
rubber, is held captive within the receiving channel 
72 when the lead lock button is inserted. This 
annular resilient material 103 functions much like a 
collar having an adjustable inner diameter. When the 
lead lock button is in one position, the diameter of 
the collar allows the electrical lead to pass 
therethrough. When the lead lock button is in its 
other position, explained below, the collar assumes a 
much smaller disuneter that pinches the lead, thereby 
preventing the lead from any axial movement. 

The resilient material 103 has a 
circumferential groove 105 on the outside diameter 
thereof to allow it to bulge or bend inwardly upon 
axial compression, as explained below. The material 
from which the button is made, in conjunction with 
the thickness of the walls of the button 70, and the 
pltirality of detent bumps 104 (which engage 
circumferential grooves around the inside of the 
third conductive section 88) allow the button to snap 
into an open or locked position in much the same 



manner as the cap of a felt- tip pen (which includes 
one or more circumferential grooves) snaps on to the 
pen body (which includes a plurality of detent 
b\amps) • 

Included around the inside circiimference of 
the third section 88 of the barrel assembly 74 are 
spaced-apart grooves 108, 109 and 110. These grooves 
are adapted to receive the detent bmps 104 of the 
lead locking button 70. Once the lead locking button 
is slidably inserted into the receiving chemnel 72, 
the combination of detent bumps and grooves allow for 
two positions of the button 70: (1) a captive open 
position (Fig. 6B) that allows the lead 62 to freely 
pass into or out of the receiving channel 72; and 
(2) a closed position (Fig. 6A) wherein the lead 62 
is locked into the receiving channel. In the open 
position (Fig. 6B) , the detent bumps 104 engage 
grooves 108 and 109, thus holding the locking button 
captive within the connectors and the resilient 
material 103 is held captive between the end of the 
nonconductive sections 91, 93 and the end of the lead 
lock button 70. In this open position, the material 
103 is not substantially axially compressed, and the 
lead 62 can pass therethrough. In the closed or 
locked position (Fig. 6A) , the detent bumps 104 
engage grooves 109 and 110, and the resilient 
material 103 is subjected to a significant axial 
compression, which compression causes it to fold or 
bend at the groove 105 and bulge radially inward into 
the receiving channel 72. This action causes the 
resilient material 103 to firmly grip and compress 
the lead 62 aroxind its circumference, much like a 
shrinking collar. Advantageously, this gripping 
action further provides an active (xmder pressxire) 
seal that totally and completely blocks the entry of 
any body fluids into the receiving channel 72. 
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In the preferred embodiment, the resilient 
tubular material 103 is a noncompressible elastomer, 
such as silicone or urethane. The gripping action on 
the lead locking button 70 places the elastomer of 
the lead lock mechanism in firm contact with the 
silicon rubber of the pacing lead. As has been 
indicated, this action not only provides a very 
effective (tight) and active (under pressxire) seal, 
but it also provides a very firm grip or lock because 
of the high coefficient of friction of these 
materials. The lead locking button 70 is preferably 
made from a nonconductive biocompatible thermoplastic 
resin, such as polysurfone or nylon. 

It is also noted that sealing ridges 67 
placed around the circumference of the connecting end 
62 of the lead 64 in accordance with the VS-IA 
standard (or other standards) are tightly received 
within the opening 71 of the lead lock button 70 
and/or the receiving channel 72. These ridges 
provide a secondary or back-up passive seal that 
fxurther prevents any body fluids from entering the 
channel 72, just as do the silicone seal ridges 89 
previously described. 

Referring back to Fig. 4, it is noted that 
the case 61 of the pacemaker 60 is typically 
assembled in halves, commonly known as clamshells, 
with the two halves being welded together around 
their periphery once all of the electrical components 
have been placed therein. (The welding seam for a 
prior art pacemaker, for example, is shown as 113 in 
Fig. 1) In accordance with the present invention, 
such assembly techniques can continue to be used. 
That is, once the barrel assembly 74 has been 
assembled, it is positioned within a suitable opening 
within that half of the pacemaker 60 containing the 
other electrical components (circuits 12 and battery 
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14) . After the appropriate electrical connections 
are made between the backside of the conductive 
elements 80 and 84 and the electrical circuits 12, 
and after the filter capacitors CI and C2 are 
installed (if such are used) , and after other 
conventional assembly steps are completed, the other 
half of the pacemaker case is welded or otherwise 
hermetically bonded to the half of the pacemaker case 
containing all of the pacemcdcer elements, and the 
open end 72 of the barrel assembly 74 is welded or 
otherwise bonded to both pacemaker case halves, in 
order to hermetically seal the entire pacemaker case. 
In a preferred assembly process, the hermeticity of 
the barrel assembly provides a measured leak rate of 
no greater thcin 2 x lOE-9 atm-cc/sec of air, when 
tested in accordance with MIL-STD-883, method 1014, 
condition A, The hermeticity of the pacer assembly 
may be somewhat less than this (i.e., a slightly 
higher measured rate of leakage) due to the aging of 
the barrel assembly, which aging may degrade the 
hermeticity level somewhat. For example, a 
hermeticity level for the pacer assembly of 2 x lOE-8 
atm-cc/sec would be accepteible. 

Referring next to Figs. 7A-7D, an 
alternative embodiment of the lead locking means of 
the present invention is illustrated. As shown best 
in Figs. 7A and 7B, this embodiment utilizes a collet 
130 that is adapted to be slidably inserted into the 
receiving channel 72' of the feedthrough connector. 
The collet 130 includes a circumferential lip 132 
(used to help push the collet into and pull the 
collet out of the receiving channel 72') and an 
engaging detent rib 134. Four slits 136, uniformly 
spaced around the periphery of the body of the 
collet, allow the detent rib 134 to be radially 
compressed. However, the material from which the 
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collet is made^ e.g. an engineering biocompatible 
thermoplastic resin (such as polysurfone or nylon) , 
provides a spring bias that tends to force the rib 
134 in an outwardly radial direction. Receiving 
5 grooves 138 and 140 in the third section 88' of the 
barrel assembly are designed to receive the rib 134 
as the collet 130 is pushed into the receiving 
channel. The diameter of the first groove 138 is 
larger than the diameter of the second groove 140. 

10 Hence, when the detent rib 134 is received in the 

first groove 138, the collet has not been compressed 
to 'the -point . where the lead 64 cannot pass 
therethrough. Thus, with the detent rib 134 residing 
in the first groove 138, the collet is in its "open" 

15 position, and the lead 64 can be inserted into the 
receiving channel 72* of the connector. This open 
position is illustrated in Fig. 7C. Note that the 
collet 130 is held captive within the connector in 
this open position, thereby preventing the collet 

20 from becoming misplaced. However, when the collet 
130 is further slid into the receiving channel 72 » , 
such that the detent rib 134 engages the second 
groove 140, the collet is compressed to the point 
where it squeezes the body of the connecting end 62 

25 of the lead 64 and firmly locks the lead into its 
inserted position. Thus, with the detent rib 134 
residing in the second groove 14 0, the collet is in 
its "locked" position and the lead can not be removed 
from the connector. This locked position is shown in 

30 Fig. 7D. The lead is released by using a suitable 

tool to engage the circumferential lip or rim 132 so 
that the collet can be pulled or slid from its 
"locked" position to its "open" position. 

Referring next to Pigs. 8A and 8B, another 

35 alternative embodiment of the lead locking means of 
the present invention is shown. In accordance with 
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this embodiment, a barrel assembly 74" includes a 
plurality of keyed channels 142 along the inside of a 
third section 88" of the barrel assembly. These 
keyed chemnels run longitudinally for a short 
5 distance and then meJce a right angle and run 
circiimferentially. Protruding pins 144^ or 
equivalent engaging elements, are placed into the 
proximal end 62' of the pacing lead. These pins 144 
are received within the keyed channels 142 when the 

10 lead is inserted into the receiving channel 72" of 
the connector. Once the pins have traversed the 
longitudinal length of these channels 142, the lead 
is rotated relative to the receiving chranel 72", 
thereby placing the pins 144 at the extreme end of 

15 the keyed channels 144. With the pins in this 

position, the lead cannot be longitudinally removed 
from the receiving channel 72". Hence, the lead is 
locked into the connector. Removal of the lead is 
accomplished by twisting the lead relative to the 

20 connector in the other direction until the pins are 
aligned with the longitudinal portion of the channel 
142, at which time the lead can be pulled back out of 
the connector. This type of lead locking mechanism 
is commonly known as a bayonet-type engagement. 

25 Typically, less than 1/8 of a turn is required to 

lock or unlock the lead. This is felt to provide a 
significant improvement over prior art devices where 
the lead must be threadably inserted into a recess 
within the pacemaker, typically involving many turns, 

30 and always involving relative rotation between the 
case and lead in excess of 360 degrees. 

Fig. 5 illustrates an alternative manner in 
which the barrel assembly 74, of the type previously 
described in connection with Figs. 4 and 6A, could be 

35 used with a circular pacemaker case 120. In such an 
sunrangement, the location of the pacemaker circuits 



wo 91/04069 PCT/US90/01004 



- 23 - 



within the housing is altered slightly in order to 
better utilize the available space within the device. 
For example. Fig. 5 depicts the pacemaker electrical 
circuits as being divided into two portions: the 
5 pulse generator circuits 122 and the telemetry 

circuits 124. Those skilled in the pacemaker art 
could readily divide the pacemaker circuits into 
these, or other, groups for the purpose of optimally 
utilizing the available space within the pacemaker, 
10 thereby allowing the pacemaker to be as small as 
possible* 

Referring next to Figure 10, there is shown 
in partial cross-section yet another alternate 
embodiment of the lead locking means of the present 
15 invention. The locking means is in the form of a cam 
follower arrangement which includes cam 146 and cam 
follower 148. Figure 10 shows the cam 146 in a 
second or closed position, whereby the resilient 
material 103 is compressed so as to achieve the 
20 pinching or gripping action previously discussed. 

To better understand the functioning of the 
cam follower means, reference is now made to Figure 
11 and Figures 12A and 12B. As shown in Figure 11, 
the cam 146 has a handle 150 which depends from an 
25 essentially hollow tubulsur portion 152. The tubular 
portion 152 has an inside diameter 154 sufficient in 
dimension to allow an electrical lead 62 to pass 
therethrough. Extending from the outer surface of 
tubular portion 152 are a pair of oppositely and 
30 outwardly facing lobes 156. The lobes 156 extend 
beyond the surface of tubular portion 152 
sufficiently to locate within and engage an annular 
groove 158. 

A pair of cutout channels 160 extend in an 
35 axial direction about one-half the length of the 

tubular portion 152. For insertion of the cam within 
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the channel 12, the ends 162 and 164 are pinched 
together so that the lobes 156 are drawn sufficiently 
close together so that they avoid interference with 
the ends of channel 72, and thus are capable of being 
5 inserted in and moved along channel 72. As the cam 
is inserted further into the channel 72, the lobes 
156 will eventually engage the end annular groove 158 
and the ends 162 and 164, and due to the resiliency 
of the material of which cam 156 is formed, will move 

10 away from each other and resume their normal spaced- 
apart orientation. 

When the lobes 156 are inserted in groove 
158, the cam 146 is rotatable between a second or 
closed position as shown in Figure 10 to a first or 

15 open position which is essentially 180 degrees away 
from the position shown in Figxire 10. Due to the 
locking or detent action of the lobes 156 and groove 
158, the cam 146 is prevented from axial translation 
during rotation between the open and closed 

20 positions. 

With further reference to Figure 11, there 
is shown the curvilinear surfaces 166 and 168 on cam 
ends 162 and 164, respectively. Each curvilinear 
surface extends around respective halves of the 

25 tubular portion 152 and then terminate at respective 
flat land segments 170 and 172. As will be described 
below, the curvilinear surfaces 166 and 168 engage 
corresponding curvilinear surfaces on the cam 
follower 148 to force the cam follower in contact 

30 with material 103 to effect the desired locking and 
gripping action on the electrical lead 62. 

Referring now to Figure 12 A and Figure 12B, 
cam follower 148 includes curvilinear surfaces 174 
and 176 which engage surfaces 168 and 166, 

35 respectively, of the cam 146. Curvilinear surfaces 
174 and 176 terminate at flat land portions 178 and 
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180, respectively. Anti-rotation pin 182 extends 
radially from the inner siirface of tubular portion 
152. Pin 182 is of conventional design and is 
hermetically sealed in place by means of resistance- 
welding. Longitudinal groove 184 extends along the 
outer surface of the cam follower 148 in an axial 
direction. The cam follower 148 is inserted in the 
channel 72, such that pin 182 extends into groove 
184, and the curvilinear surfaces face toward the 
open end of chemnel 72. By virtue of pin 182, the 
cam follower 148 is confined to axial translation 
only. 

When the cam 146 is inserted into the 
channel 72 and oriented in the first or open 
position, the corresponding curvilinear surfaces of 
the cam and CcUq follower are in contact. As the cam 
146 is rotated from the first toward the second 
position in a clockwise direction (as viewed looking 
into the open end of channel 72), due to the action 
of the curvilinear surfaces upon each other, the cam 
follower 148 is urged away from the cam 146 then to 
engage and compress material 103. As the cam 146 is 
further rotated to the second position, the 
respective flat land segments engage each other to 
establish a locking position. As mentioned 
previously, due to the engagement of lobes 156 and 
groove 158 during rotation of the cam 146, the cam is 
confined only to rotational motion, whereas the cam 
follower 148 is confined only to translational 
motion. At the second position, flat land segments 
172 and 180 are in contact and flat land segments 170 
and 178 are also in contact to establish a locked 
condition. 

Although a counter-clockwise direction was 
described, it is to be understood that clockwise 
rotation with correspondingly reversed curvilinear 
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surfaces is also contemplated by the present 
invention. 

Furthermore^ other cam follower means are 
also contemplated by the present invention; for 
5 example, a pliurality of pins may be selected to 
extend into the tubular channel 72 from the inner 
surface thereof to engage corresponding cam grooves 
in the outer surface of cam 146. By this technique, 
a simple cam similar in design to the cam 146 with 

10 the exception of lobes 156 and cutout chaxmels 160 
may be used which cooperates with the plurality of 
pins, such that desired rotation of the cam advances 
the cam toward the material 103, and upon further 
rotation, compresses the material 103 until the cam 

15 reaches a locked position. The cam grooves may be 
oriented to provide for initial engagement with the 
pins to provide guided axial translation inward for 
the cam. The groove may continue in a helical 
fashion around the outer surface of the cam so that 

20 rotation of the c£un also results in translation of 
the cam inward or outward, of course, depending on 
the direction of rotation. The groove may end in an 
annular portion, such that further rotation of the 
cam, due to the pins being received within such 

25 euinular portion, causes the cam to be locked in 
position. 

While the invention described herein has 
been described with reference to specific embodiments 
and applications thereof, numerous variations and 
30 modifications could be made thereto by those skilled 
in the art without departing from the spirit and 
scope of the invention as claimed. Accordingly, the 
true scope of the invention should be determined with 
reference to the claims set forth below. 
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What ±9 claimed is; 

1. An implantable medical device comprising: 
a hermetically sealed housing; 
an electrical circuit within said housing; 
an electrical connector within said housing 
comprising: 

a tubular barrel assembly having an 
open end and a closed end, and a beurrel axis 
passing through the open end and closed end, 
said open end being attached to an exposed 
surface of said housing, said closed end being 
internal to said housing, the tubular barrel 
assembly creating a tubular channel that 
protrudes into the sealed housing, but does not 
break the seal of said housing, the inside of 
said tubular channel being open to the outside 
of said sealed housing through said open end, 
the tubular channel further comprising a 
plurality of conductive cylindrical portions 
coaxial with the barrel axis, the dimension of 
the diameter of successive cylindrical portions 
progressively decreasing from the open end to 
the closed end, 

means for making electrical contact 
between selected cylindrical portions of said 
tubular channel and said electrical circuit, and 

locking means for detachably locking 
and gripping an electrical lead axially inserted 
into the open end of said tubular channel in 
electrical contact with selected cylindrical 
portions of said tubular channel, said locking 
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means being actuable with less than 360 degrees 
of relative rotation between said lead and said 
tubular barrel assembly, wherein said locking 
means comprises: 

engaging means on the inside of 
said tubular channel; 

a cam and cam follower each 
having a hollow essentially txibular coaxial 
portion having a diameter that allows said 
electrical lead to pass therethrough, said 
cam rotatable between first and second 
positions, the cam having detent means 
being received by the engaging means for 
preventing axial translation of the cam, 
the cam follower engaging the cam such that 
as the cam is rotated from the first to the 
second position, the cam follower moves 
away from the cam in an axial direction; 
and 

gripping means for engaging the 
cam follower and for gripping said 
electrical connector whenever the cam is 
rotated from the first to the second 
position and for releasing said electrical 
lead whenever the cam is rotated from the 
second to the first position. 

2. The implantable medical device of Claim 1, 
wherein the engaging means comprises an annular 
groove and the detent means comprises at least one 
lobe protruding from an outer surface of the cam, 
said at least one lobe adapted to be received within 
the annular groove to confine the cam to rotational 
motion when the at least one lobe is received within 
the groove. 
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3. The implantable medical device of Claim 2, 
comprising: 

pin means extending radially from an inside 
stirface of said tubular channel; and 

groove means extending in an axial 
direction on an outer surface of the cam follower for 
engaging the pin means for confining the cam follower 
to translational motion in an axial direction. 

4. The implantable medical device of Claim 2, 
wherein the cam and cam follower each have 
corresponding matching and engaging curvilinear 
portions and flat land portions, such that during 
rotation of the cam from the first to the second 
position, the cam follower engages the cam initially 
along the respective curvilinear portions and then 
along the respective flat land portions, whereby when 
the cam and cam follower are engaged along their 
respective flat land portions the cam and cam 
follower remain in a relatively locked position. 

5. The implantable medical device of Claim 4, 
wherein the at least one lobe comprises a pair of 
opposite and outwardly facing lobes. 

6. The implantable medical device of Claim 1, 
wherein the locking means further comprises: 

cam follower means movable axially inward 
toward the closed end of the tubular barrel assembly 
in response to rotation of the cam follower means 
from a first to a second position; and 
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gripping means for engaging the cam 
follower means and for gripping said electrical 
connector, whenever the cam follower means is rotated 
from the first to the second position. 



1 . The implantable medical device of Claim 6, 
wherein when the ccun follower means is in the second 
position, the cam follower means is in a locked 
condition. 



8. An implantable medical device comprising: 
a heinnetically sealed housing; 
an electrical circuit within said housing; 
an electrical connector within said housing 
comprising: 

a tubular barrel assembly having an 
open end and a closed end, said open end being 
attached to an exposed surface of said housing, 
said closed end being internal to said housing, 
the tubular barrel assembly creating a tubular 
channel that protrudes into the sealed housing, 
but does not break the seal of said housing, the 
inside of said tubular channel being open to the 
outside of said sealed housing through said open 
end, 

means for making electrical contact 
between a selected first portion of the inside 
of said tubular channel and said electrical 
circuit, and 

locking means for detachably locking 
and gripping an electrical lead inserted into 
the open end of said tubular channel comprising: 
an engaging means on the inside 
of said tubular channel; 
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a cam and cam follower each 
having a hollow essentially tubular coaxial 
portion having a diameter that allows said 
electrical lead to pass therethrough, said 
cam rotatable between first and second 
positions, the cam having detent means 
being received by the engaging means for 
preventing axial translation of the cam, 
the cam follower engaging the cam such that 
as the cam is rotated from the first to the 
second position, the cam follower moves 
away from the cam in an axial direction; 
and 

gripping means for engaging the 
cam follower and for gripping said 
electrical connector whenever the cam is 
rotated from the first to the second 
position and for releasing said electrical 
lead whenever the cam is rotated from the 
second to the first position. 
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